Recently, initial studies describing the use of multicolor fluorescence in situ hybridization (FISH) for classifying melanocytic skin lesions have been published demonstrating a high sensitivity and specificity in discriminating melanomas from nevi. However, the majority of these studies included neither histologically ambiguous lesions nor a clinical long-term follow up. This study was undertaken to validate a special multicolor FISH test in histologically ambiguous melanocytic skin lesions with known clinical long-term follow up. FISH was scored by three independent pathologists in a series of 22 melanocytic skin lesions, including 12 ambiguous cases using four probes targeting chromosome 6p25, centromere 6, 6q23, and 11q13. The FISH results were compared with array comparative genomic hybridization data and correlated to the clinical long-term follow up (mean: 65 months). Pair-wise comparison between the interpretations of the observers showed a moderate to substantial agreement (j 0.47-0.61). Comparing the FISH results with the clinical behavior reached an overall sensitivity of 60% and a specificity of 50% (v 2 ¼ 0.25; P ¼ 0.61) for later development of metastases. Comparison of array comparative genomic hybridization data with FISH analyses did not yield significant results but array comparative genomic hybridization data demonstrated that melanocytic skin lesions with the development of metastases showed significantly more chromosomal aberrations (Po0.01) compared with melanocytic skin lesions without the development of metastases. The FISH technique with its present composition of locus-specific probes for RREB1/MYB and CCND1 did not achieve a clinically useful sensitivity and specificity. However, a reassessment of the probes and better standardization of the method may lead to a valuable diagnostic tool.
Malignant melanoma is one of the most aggressive cancers that has an increasing incidence worldwide. Studies from Europe and the United States suggest a consistent and dramatic increase since the 1950s at about 3% per year. 1, 2 More than 62 000 new cases of melanoma were predicted by the American Cancer Society to develop in the United States in 2008, with some 8400 deaths due to melanoma. 3 Melanoma only contributes to about 4% of all skin cancer, but is responsible for 77% of deaths caused by skin cancer. 4 Treatment continues to pose a substantial clinical challenge.
Melanocytic lesions exhibit a broad spectrum of biology ranging from definitive benign melanocytic nevi to highly aggressive melanoma. The diagnostic gold standard for the classification of melanocytic lesions and consideration of treatment options as well as disease prognosis still primarily relies on microscopic tissue morphology and depth of involvement. In most cases morphological criteria permit a definitive diagnosis of either benign or malignant cutaneous melanocytic lesions, but some lesions are notoriously difficult to diagnose by histology. 5, 6 The Dutch melanoma working party reanalyzed a large cohort of 1069 patients with skin lesions originally classified by local pathologists to identify the most common diagnostic problems. It is interesting to note that in 8% of the cases the referring pathologist could not provide a confident diagnosis, in 14% the primary 'malignant' diagnosis had to be revised to 'benign' and in 17% the primary 'benign' diagnosis had to be revised to malignant. 7 Recently, genetic approaches have been reported to be of significant help for classifiying melanocytic tumors. Comparative genomic hybridizations (CGHs) demonstrated that specific chromosomal aberrations in melanoma were distinct from chromosomal alterations in nevi. 8 However, CGH is an expensive, time-consuming, non-morphology-based technique whose application in the current form is questionable for routine use.
A less expensive and easier screening method is fluorescence in situ hybridization (FISH). Using multicolor probes, this technology allows the detection of multiple genes at the same time. Initial studies analyzing the clinical applicability of such probes have been published, and demonstrated a very high sensitivity and specificity in distinguishing melanomas from nevi. [9] [10] [11] [12] However, most of these studies did not examine ambiguous lesions or address clinical long-term outcomes. This study was undertaken to validate a special multicolor FISH kit in histologically ambiguous melanocytic lesions. The results were compared with the array CGH analysis and correlated to the clinical long-term follow up of the patients.
Materials and methods

Tumor Material and Clinical Data
A series of 22 melanocytic skin lesions that had been diagnosed between 1993 and 2008 was collected from the Department of Dermatology, University of Heidelberg, from the Dermatopathologische Gemeinschaftspraxis, Friedrichshafen and from the local pathologists. To get the case number presented in this study we screened files of melanoma patients, who visited the Department of Dermatology, University of Heidelberg for oncological treatment or aftercare within 12 months (July 2007-June 2008).
All patients with ambiguous melanocytic lesions, with complete clinical follow up, and available tumor material were included in this retrospective study.
All lesions had been resected owing to clinical suspicion of malignancy. After complete excision, standard histological examination was carried out on formalin-fixed, paraffin-embedded tissue sections using hematoxylin and eosin (H&E) staining. Melanoma tumor staging was determined according to the latest TNM-staging system. 13 The clinical and histological features of the patients are summarized in Table 1 The patient group consisted of 9 males and 13 females with a median age of 49 years (range 17-68). The median tumor thickness in all melanocytic skin lesions was 1.6 mm (range 0.4-2.8) and most lesions reached Clark level IV. Indeterminate histological diagnosis most often occurred between Spitz nevus vs Spitzoid melanoma, followed by melanoma with regression vs atypical nevus.
FISH
Probes targeting four loci were used for FISH evaluation. These included ras responsive element binding protein 1 (RREB1) on 6p25 (Vysis LSI RREB1-Spectrum red), V-myb myeloblastosis viral oncogene homolog (MYB) on 6q23 (Vysis LSI MYBSpectrum gold), cyclin D1 (CCND1) on 11q13 (Vysis LSI CCND1-Spectrum green) and centromeric enumeration probe control for chromosome 6 (Vysis LSI CEP6-Spectrum aqua) from Abbott Molecular, Des Plaines, IL, USA.
Consecutive 4 mm thick sections were obtained from the same blocks as those used for H&E staining. Sections were cut and mounted on SuperFrost þ / þ slides. Deparaffinising, pre-treatment, and protease digestion procedures were carried out according to The FISH evaluation was done by three independent pathologists, all long-time experienced in FISH diagnostics (HK, GP in Friedrichshafen, and TG in Heidelberg), blinded against primary histological diagnosis, clinical follow-up, and previously gained FISH results. Every pathologist evaluated each LSI probe (RREB1, CCND1, MYB, and centromere 6).
To correlate the FISH results with histology and clinical behavior, a consensus score was built. A lesion was considered as FISH positive when at least two of the three observers diagnosed a positive FISH result.
Array CGH
In 16 cases, a genome wide analysis of genomic aberrations was carried out using a high-resolution array CGH (array CGH) technique as described previously. 15 To obtain a high purity of tumor DNA, only areas with a tumor cell infiltration of over 90% were microdissected for DNA isolation using the QIAamp DNA formalin-fixed, paraffinembedded tissue kit (Qiagen, Hilden, Germany). Samples were labeled with a bioprime array CGH genomic labeling kit according to the manufacturer's instructions (Invitrogen, Carlsberg, CA, USA). Briefly, 500 ng test DNA and reference DNA were differentially labelled with dCTP-Cy5 and dCTP-Cy3, respectively (GE Healthcare, Piscataway, NJ, USA). Genome-wide analysis of DNA copy number changes was carried out using an oligonucleotide array containing 44 000 probes with a spatial resolution of 35 kb according to the manufacturer's protocol version 6.0 (Agilent, Santa Clara, CA, USA). Slides were scanned with Agilent's microarray scanner G2505B and analyzed using Agilent CGH Analytics software 4.0.76 (statistical algorithm: ADM-2; sensitivity threshold: 6.0; consecutive clone filter: 20).
Statistics
Data was entered into
Microsoft EXCEL 2003; statistical analysis was done with SAS version 9.1WIN and with SPSS version 16.0. Concordance between FISH data, array CGH data, histology, tumor thickness, and clinical follow up was determined by using the Fisher's Exact Test, McNemar's Test, odds ratio, and Student's t-test. Unvaried variance analyses and linear regression were calculated. To evaluate inter-observer variability the k statistics were calculated with Cohen's k. A k value of 0.00-0.20 indicates slight agreement; 0.21-0.40 fair agreement; 0.41-0.60 moderate agreement; 0.61-0.80 substantial agreement; and 0.81-1.00 almost perfect agreement.
Results
Histological Diagnosis
In all, 12 out of the 22 investigated samples could not be diagnosed as malignant or benign because of ambiguous histological features. Seven cases were definitely diagnosed as malignant melanomas and three cases were determined to be benign nevi (further details of the histological diagnoses are provided in Table 1 ).
Failure Rate and FISH Inter-Observer Variability
In 16 of the 22 investigated cases, FISH data could be evaluated by all the three pathologists. Because of insufficient signals, four cases had to be excluded and owing to signal fade two samples were evaluated by only one investigator. Overall agreement among the three pathologists was achieved in 11 of 16 cases (68%): 5 positive FISH results and 6 negative FISH results. Pair-wise comparison between observer interpretations showed a moderate to substantial agreement (Table 2) . Observers HK and TG were in accordance in 13 of 16 cases (81%), HK and GP were in accordance in 13 of 16 cases (81%), and TG and GP were in accordance in 12 of 16 cases (75%). 
FISH Results and Correlation with Clinical Behavior
Multitarget FISH gave a positive consensus result (Z1 FISH criterion positive) in 7 of 16 melanocytic skin lesions. An example is given in Figure 1 . In detail, 5 melanocytic skin lesions were positive for MYB-loss, 4 melanocytic skin lesions were positive for RREB1 amplification, 2 melanocytic skin lesions were positive for CCND1 and 1 melanocytic skin lesion was positive for MYB amplification. In total, 1 melanocytic skin lesion was positive for 3 criteria (CCND1, MYB, and MYB-loss), 2 melanocytic skin lesions were positive for 2 criteria, and 5 melanocytic skin lesions were positive for 1 criterion. Two of the seven ambiguous melanocytic skin lesions without metastases were FISH positive (four without signals, one FISH negative) and three of the five ambiguous melanocytic skin lesions with metastases were FISH positive. The four histologically definitive melanomas without metastases yielded two positive FISH results, and notably only one of the definitive three melanomas with metastases yielded a positive FISH result. All three benign nevi were FISH negative (for details see Table 1 ).
Comparing the FISH results with the clinical behavior of the melanocytic skin lesions gave an overall sensitivity of 60% and a specificity of 50% (w 2 ¼ 0.25, P ¼ 0.61). Neither the univariate analysis of variance nor the linear regression analysis yielded a significant result for the parameters of histological diagnosis, Breslow tumor thickness, Clark-level, or FISH status (data not shown).
Array CGH Results and Correlation with Clinical Behavior
Array CGH could be carried out in 8 of the 16 samples that had been investigated by all the three observers. The other 8 samples failed because of insufficient remaining tumor material or degradation of DNA. The number of chromosomal aberrations per tumor ranged from 6 to 65 (mean 10.5).
Depending on the clinical follow up, but not on the previous histological diagnosis, two groups of melanocytic skin lesions were generated:
(1) Melanocytic skin lesions with malignant clinical behavior (n ¼ 3); and (2) Melanocytic skin lesions with benign clinical behavior (n ¼ 5).
A striking increase of chromosomal aberrations (Po0.01) could be detected within the group of melanocytic skin lesions with malignant clinical behavior compared with the group of melanocytic skin lesions with benign clinical behavior despite the small number of cases per group (Figure 2) .
It is interesting to note that all the three melanocytic skin lesions with malignant clinical behavior showed gains of chromosome 7p22, 9q34, 11p15, 11q13, 14q32, 16q13, 17q25, 19p13, and 20q13.
Array CGH Results and Comparison with FISH Data
Comparison of array CGH data and FISH analysis yielded incongruent data. Chromosomal aberrations, which had been detected with FISH at the according loci, were not reproducible with array CGH (Table 1) . In contrast, loci that did not show chromosomal aberrations with FISH, yielded positive results with array CGH. One histologically definitive malignant melanoma that had yielded negative results with FISH analysis showed unaffected 6p25, 6q23, and 11q13 loci in the array CGH, thereby explaining the negative FISH result. However, this case displayed several chromosomal aberrations in other loci. 
Discussion
Recently, modified molecular targeting allowed chromosomal analyses of routinely formalin-fixed, paraffin-embedded melanoma tissue for the first time. Initially, studies investigating the loss of heterozygosity 16, 17 and later CGH studies 8, 18, 19 detected chromosomal imbalances in primary cutaneous melanomas. The copy number changes in melanomas depend on body site and level of sun exposure. 20 The most frequently gained regions in melanomas are found in 6p (37%), 1q (33%), 7p (32%), 7q (32%), 8q (25%), 17q (24%), and 20q (22%), whereas the most frequent losses are seen in chromosome 9p (64%), 9q (36%), 10q (36%), 10p (30%), 6q (26%), and 11q (21%). 8 Melanocytic nevi show no chromosomal aberrations except for the Spitz nevus, which displays a gain of 11p in 20%. 19 Based on these studies, a probe combination for LSI RREB1/LSI MYB/LSI CCND1/CEP 6 has been developed for detection of amplifications of 6p25 (RREB1), 6q23 (MYB), 11q13 (CCND1), and loss of 6q23 (MYB).
Before this method can be accepted as a routine diagnostic tool for critical melanocytic lesions, technical and clinical validation is critical.
To expand on the clinical validation of these probes already reported, we retrospectively investigated a series of melanocytic lesions with initially ambiguous histological results. The FISH results were further compared with the clinical long-term follow up (mean 71 months), thereby either encouraging or challenging the primary diagnosis. Histologically definitive cases with follow up were included as positive and negative controls. Our analysis of primary melanocytic lesions using the Vysis LSI FISH detection system compared with clinical outcomes yielded incongruent results. It was not possible to reach a clinical relevant sensitivity or specificity using this probe combination.
It is important to note that there were histologically definitive malignant melanomas with the consequent development of metastases during the clinical long-term follow up that yielded negative results with the FISH probes. As expected, none of the histologically definitive benign nevi were FISH positive. Our results seem contradictory to recent studies reporting high sensitivity and specificity of the four FISH probes. 9, 10, 12 However, these studies did not include histologically ambiguous lesions, and the results of the FISH analysis had been compared with the primary histological diagnosis but not to the clinical long-term follow up, considered the diagnostic gold standard. That said, the development of metastases during the long-term follow up is not conclusive of the malignant potential of the primary melanocytic lesion, and may instead arise from a separate unknown primary elsewhere in the body. Conversely, the absence of metastases does not conclusively reflect the benignity of the primary lesion despite several years of clinical follow up. Development of melanoma metastases has been reported to occur even after 15 years of tumor-free status. 21 However, one study did attempt to overcome these limitations by analyzing a large series of different melanocytic lesions including histologically ambiguous cases, FISH analysis, and clinical follow-up data. 11 In this study the four color FISH test correctly classified melanoma with 87% sensitivity and 95% specificity. The test also correctly identified as melanoma 6 of 6 ambiguous cases that later metastasized. However, consistent with our findings of non-specificity, there were histologically ambiguous lesions with benign clinical behavior but positive FISH results. The authors' explanation of these inconsistent findings is either a cure of melanoma by the removal of the primary tumor or an insufficiently long follow up for the detection of metastasis. A limitation of this study as well as our own investigation was the small number of cases with an ambiguous initial diagnosis correlated with a long-term follow up. But this constraint is mainly caused by the difficult access to this rare case collective.
Another limitation in the recently reported studies is that none of them demonstrated an interobserver agreement. In our study, three pathologists, all experienced in FISH diagnostics independently examined all cases. Subsequently, a consensus score was generated to keep possible interpretation discrepancies as low as possible. The inter-observer variability showed a moderate to substantial agreement, which is a contenting result but could be upgraded by a better standardization of the evaluation of the FISH test.
To exclude the possibility the FISH probes miss other chromosomal aberrations, and as a control of the FISH results, a subgroup of cases was further evaluated with array CGH. Unfortunately, array CGH and FISH analysis yielded incongruent data. Chromosomal aberrations, which had been detected with FISH at the according loci, were not reproducible with array CGH. Conversely, the loci that did not show chromosomal aberrations with FISH yielded positive results with array CGH. A reason for the discrepancy between the FISH and array CGH data in our study may be the limited resolution of the array CGH. This method may detect chromosomal gains and losses from a 700 kb threshold leading to a possible oversight of aberrations in solitary genes. Furthermore, copy number changes must be present in a substantial proportion of cells (at least 25%) to be identifiable. This, again, is not a prerequisite for FISH analysis. Another reason for the discrepancy of the FISH and array CGH data may be the clonal heterogeneity that has been reported in melanoma, 22 thereby exhibiting differing features on different sections of the tumor.
Interestingly, our histologic definitive melanoma yielded negative results with the three FISH probes. Consistent with this finding, array CGH showed unaffected loci 6p25, 6q23, and 11q13, thereby explaining the negative FISH results. It is interesting to note that this case displayed several chromosomal aberrations in other loci. As a side note, melanocytic skin lesions with metastases showed considerably more chromosomal aberrations with array CGH than melanocytic skin lesions without metastases.
In our opinion, the prediction of metastatic behavior in malignant melanoma based on only three chromosomal loci seems unlikely. This assumption is further emphasized in a study of Ramaswamy et al 23 demonstrating by means of gene expression arrays that no less than a gene signature of 17 genes allows a reliable prediction of metastatic behavior of a primary tumor.
In summary, in our study the FISH probes did not detect all of the relevant chromosomal changes necessary for a clinically useful diagnostic aid to distinguish benign from malignant melanocytic lesions. A modification of the composition of the probes may overcome these limitations and lead to a superior diagnostic tool.
